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apparatus and method for 
cryogenic inhibition of hyperplasia 

S BACKGROUND OF THE INVENTION 

1. flfM rvTrt™ Ttwftntion 
The present invention relate? generally to apparatus and methods for 
inhibiting restenosis In arteries following angioplasty of other intravascular procedures 
for treating nthenwelcxOrt]e disease. More particularly, the present invention relates to 

to apparatus and methods fin* cryogenlcally treating the target site within a patient's 

vasculature to Inhibit hyperplasia which can occur after such intz&vascular procedures. 

A number of percutaneous intravascular procedures have been developed 
for treating atherosclerotic-disease in a patient's vasculature. .The most successful of 
these treatments ia penrnttawtw tran^nrrfnal angioplasty (PTA) wh5ch employs a . 

1 5 catheter having an expansible distal end. usually in the form of an inflatable balloon, to 
dUato a stenotic region in the vasculature to restore iKiequnte blood flow beyond tho 
tteaosis* Other procedures Ibr opening stenotic regions Include direcdofird arthrcctomy, 
rotational aithrectoniy, laser angioplasty, atents end tba tike. While these procedures, 
particularly PTA, havo gained -Wide as«pUnce, they continue to coffer from the 

20 subsequent occurrence of restenosis. 

Restenosis refers to the re>narrowing of an artery within Wocka or months 
following an initially rocccatful angioplasty or other primary treatment. Restcnods 
afDicta up to 50% Of all angioplasty patients and remits at least in part from smooth 
muscle cell prolifcrntiori In response to the Injury caused by the primary tn-^tment, 

25 generally referred to as 'Tiyperplama,*' Blood vessels in which sigzufiennt ratcnosiB 
occur will require further treatment. 

A number of strategies have been proposed to treat hyperplasia and reduce 
restenosis. Such atmtegies Include prolonged balloon Inflation, treatment of the blood 
vessel with & heated balloon, treatment of the blood vessel with radiation, the 

30 administration of antithrombotic drugs following the primary treatment, rtcntrag of the 
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region followinB the primary treatment, and the like. While enjoying differ** level, of 
success, no one of these procedures has proven to be entirely successful in treating 
occurrences of restenosis biuI hyperplasia. 

For th«& reasons, Jt would be desirable to provide additional apparatus 

5 and methods stable for the treatment of restenosis and hyperplasia in blood vessels. It 
would bo further desirable if the apparatus and method* were suitabl- for treatment of 
other conditions rrUtfed to occessiYo cell proliferation, itwludrngticcpu^r^lang 
from tumor growth, hyperplasia in other body hrnicna, and tho like. The apparemn end 
method should be suitable fox intravascular and intraluminal Introduction, preferably via 

10 pcreutaneou^ access. It would be particularly desirabfc if the methods and apparatus wer* 
able to deliver the treatment in a very focused end specifi o mamier wife rnimnttl efftct on 
adjacent tissues. Such apparatua and methods should further be effective in inhibiting 
hyperplasia and/or neoplasia in the target tissue with minimum aide affect*. At least 
some of these objectives will be met by the invention described hereinafter. 

lS 2. TwweffpHon ft f ^background All 

Balloon catheters for intravajcularly cooling or heating a patient are 
described iivU,S. 5.4B6V208 and WO 91/0552* A cryosurgical probe with art inflatable 
bladder ^pcr&riningiiitnmt^ Cry ° TOical 
probes relying on Joulc-Thoimon cooling are described mU.S. 5,275,595; 5.190*39; 

20 5.147.3S5; 5,078.713; and 3.901,241. Catheter, with heated balloons far poirt-angioplasty 
and other treatment, ar« described toU.S. 5,196.024; 5,191.883; 5.151,100s 5.106\360; 
5.092,841; 5,041,089; 5,019,075; and 4,754,752. Cryogenic fluid sources are described 
inU-S. 5.644,502; 5.617,739; and 4336.691. 

The full disclosures of each of the above U.S. Patents are incorporated 

25 herein by reference. 

SUMMARY OF THE INVENTION 
TKe present invention comprises the cryosurgical treatment of a target site 
within the body lumen of a patient, usually in on artery which baa beer, previously treaty 
30 for atherosclerotic disease by balloon angioplasty or any of the other primary treatment 
modalities described above. The present invention, however, is further suitable for 
treating other hyperplastic and neoplastic conditions in other body lumens, such » 0» 
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ureter, tho biliary duet, respiratory passages, tho pancreatic duct, the lymphatic duct, and 
the like. Neoplastic coll growth will often occur as a result of a tumor Surrounding and 
intruding into a body lumen. Inhibition of such excessive cell growth is nccoss&iy to 
maintain patency of the lumen. 

Treatment aborting to the present invention la effected by cooling target 
tissue to a tampenuure which ia sufficiently low for a tfmc which is sufficiently long to 
inhibit excessive cell proliferation, Th©coolmgt«fl(mcm win ^directed against nil or a 
ponion of a oi^um&rential surface of the body lumen, and wjfl profitably result in cell 
growth inhibition, but not necessarily In significant cell necrosis. Particularly in Cbo 
treatment of arteries foDowfng^allOon angioplasty, Dell necrosis may bo undesirable if it 
increase* the hyperplastic response. Thus, tho present invention wfjl alow Of stop cell 
proliferation but may leave Che cells which line the body lumen viable,; thus lessening 
hyperplasia. 

Methods according to the present invention comprise cooling an inner 
surface of me body lumen to a" tcrnperxtqre rh<J fbr a timer sufficient to inhibit subsequent 
cell growth. Generally, the temperature at me ti^ be tt « range from about 

0°C to about -SO'C," the tissue ipifaee temperature preferably being in a range fiom about 
-10*C to about -40«fc. fit other embodiments,' the temperature at tho cell surface can be in 
the range from -20°C to ^0*Q cptionaHy btfng fiom -30*C to -5Q"C The tissue w 
typically maintained at the described temperature for a time period hi the range fiom 
abontl to about 60 Becond*, often being from 1 second to 10 seconds, preferably from 2 
seconds to 5 seconds. Hyperplfisda inhibiting efSetoy may be enhanced by repeating 
cooling in cycles, typically with fiom about 1 to 5 cycles, with tho cycles being repeated 
at a rate of about ono cycle every GO seconds. In the case of arteries, the cooling 
treatment will usually be effected very shortly after angioplasty, arftroctomy, rotational 
arthreotomy, laser angioplasty, steming. or another primary treatment procedure, 
preferably within one hour of tho primary treatment, more preferably within thirty 
minutes within the primary treatment, and most preferably immediately following the 
primary treatment. 

Tho methods of die present invention may be performed with cryosurgical 
catheters comprising a catheter body having a proximal end, a distal end, and a primary 
lumen therethrough. The primary lumen terminates in a JouIcsTbomson orifice at or near 
Its dlctat end, and a balloon Is disposed over the orifice on the oatheter body to contain a 
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cryogenic fluid delivered through the primary lumen- Suitable c*yogenio fluids will be 
non-toxic and iitoludo liquid nitrogen, liquid nitrous oxide, liquid carbon dioxide, and the 
like. By delivering the cryogenic fluid through, xho catheter body* the balloon ©an be 
expanded and cooled in order to effect treatments according to the present invention. 

Preferably, the Jctfe-Thomson orifice -will be spaced inwardly from each 
end of the balloon and the balloon will bo sufficiently long so that the oooling of the 
balloon occurs primarily to the middle. The temperature of the proximal and distal ends 
of the balloon will Thus be much loss than that oftho middle, and me ends will thus a* 
'Insulating" regions -which protect luminal surfaces and other body structures from 
unintended cooling. Preferably, the balloon has a length of at least 1 cm, more preferably 
atlc^2 cm, and typically hi the rang© from 3 em m 10 em. The orifice is usually 
positioned at least 0.5 Cm from each end, preferably being ai least 1 cm fiom each end in 
balloons which are 2 em or longer. 

"While H has been found that positioning oftho loule^Thomion valve in the 
cental region of a balloon will usually provide sufficient insulation of each end resulting 
from fooiriherent heal transfer characteristics, in some instances it will be desirable to 
provide a separate containment bladder nested inside the balloon to receive the cryogenic 
fluid. The coiltainrnentbUMldcr will further act to limit cooling to the central region of the 
balloon. The portions of the balloon proximal and distal to the containment bladder may 
optionally be inflated with an insulating medium, such as ■ gas, sliicono oD, salmo, or the 
like Alternatively, the containment bladder may have a vent or be partially porous so 
that the cryogenic fluid (which is present as a gas within the containment bladder) flows 
at a controlled rate into the overlying balloon. By limiting the flow rate, the temperature 
oftho cryogenic fluid will be significantly higher in the regions outride of the 
containment bladder but still within the balloon. 

In another aspect, the present foveptton provides a cryosurgical system 
comprising a flexible catheter body having a proximal end. a distal end, and a g» exh»»at 
lumen defining an axlB therebetween. An mtravasculaT balloon ia disposed near the distal 
end of the catheter oody in flwidoommtodication with the exhaust lumen. The batloon is 
expandable to radially engage a surrounding vessel wall. A cryogenio cooling fluid 
supply is in fluid communication with at least one port disposed within «h* balloon. 

As described above, the at least one port may optionally comprise a Joule 
Thompson orifice. Alternatively, the at least one port may pass som»w all of the 
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C.yosciito cooling fluid M « liquid. In&a,aplandiiy Ofport-mwivrayth-flmd 
radially, the liquid in some casea districted subtfsntially unifonnly over an inner 
of tba balloon wall so that enthalpy pf vsporiration of the liquid cools arcgion of the 
balloon wall. Th» vaporization of the liquid will help to inflate the balloon, white the 
5 exhaust Jaracn limits pressure within fhc balloon to aafo Iev«ls. 

In another aspect, the Invention provides t cryosurgical catheter for use in 
a blood vessel having a vessel wan. The cryosurgical catheter cornpiisos a fleadblc 
catheter body having a proxhnai end\ adfetal end, and a gas exam* lomcn defining an 
«ie therebetween. Aballwmis du^scdettheclsta^ 
10 eornnuamcation with the exhaust lumen, The banoon has a balloon wall with prmdmal 
and distal ends and a radially oriented region extending therebetween. The wall b 
radiftijy expandable to engage the swroundiflg vessel wall. At least one cooling fluid 
distribution port is in communication with » cryogenic cooling Gold sopply. The at least 
one port la disposed within the balloon toeool the region of the expanded balloon wall. 
J5 The cryosurgical methods and catheters of the present invention will often 

be tailored to provide even cooling along at least a portion of a vascular wall engaged by 
the cooled balloon. For example, the efficacy of cryogenic cell growih iruiT&ion inayba 
eiuWced *igniflc*Dtly by ooctftaning cooling within the balloon using nptanliry of 
cryogenic fluid ports distributed raiuumfcieiTUaUy an^oT oxially wffiuri the balled at» ! 
20 that a significant portion of the vessel wall engaging the balloon surface Is cooled to fiie 
target tanpeawhtte range lor a time in to de^fa^tnsaiment period range. -"-•» 

In this aspect, the present invention provides a eryusurgiDal catheter for 
use in a blood vessel having a vessel wall. The cryosurgical catheter comprises a flejable 
catheter body having a proximal end, a distal end, end a lumen defining an sods 
25 therebetween. A balloon i3 disposed at the distal end of the catheter body. The balloon is 
in fluid communication with iho lumen, and has a balloon wall that expands radially to 
engage the surrounding vessel wall. A plurality or cooling fluid distribution ports are in 
communication with a cooling fluid supply. These ports are distributed within the 
balloon so as to evenly cool a portion of the vessel wall. 
30 To maximize cooling efficiency and pi i n im foa gas preasuro within the 

balloon, it is generally preferable to nuniraiz© the total cooling fluid flow out of tha 
exhaust lumen from the balloon. Efficiency can also be enhanced by directing the 
cooling fluid radially against the balloon wall, ideally using a plurality of porta that are 
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scppraicd drcumfexttitially about a difluaer bead. Whea treating long diseased segments 
ofihe vasculature, for example, when treating hypoplasia of the iliac or superior femoral 
arteries, it would be beneficial to treat the entire segment without moving or repositioning 
the balloon. To provide even treatment within suoh an elongated diseased vessel, the 
5 difiuscr head may be moved axially within the inflated balloon by slidiug a cooling fluid 
supply lube axially within the catheter body. Snob a structure may provide a variety of 
controllable sequential cryogenic treatment regiment for example, multiple temperature 
feedback controlled cryogenic treatment cycles* for inhibiting cell proliferation, or for a 
variety of alternative endoluminal cryogenic therapies. Alternatively* a fixed diffiiser 

10 head defining an axially and circumferential distributed array of porta may ptovide 
simultaneous even cooling throughout a significant region of (he target ahe. 

In a related method aspect; the invention provides a therapy fbr treatment 
of a blood vessel having a vessel wall. The method comprises introducing a catheter info 
the blood ve*$d, and expanding a balloon of the catheter near a target site to engage the 

15 vessel wall. Fluid is expanded at a first location within the balloon. Fluid is also 

expanded at a second location within the balloon to cryogenically cool a portion of the 
engaged vessel wall, the second location being separated fiom the first location. 

- Gas expansion nay effect cryogenic cooling via Joule-Thompson 
expansion asfheeryogchic fluid enters the balloon and/or via the enthalpy of vaporisation 

20 of a cryogenic fluid within the balloon. Here may be significant temperature transients 
when cryogenic oooling is first initiated from within the balloon catheter. To enhance the 
surgeon's control over tfan cooling n*c and treatment time of these cryogenic thempios, 
gas expansion may be initiated while a moveable orifice head is disposed within a 
housing or shield at one end Of the b&UooO. This bousing may conveniently be formed by 

25 extending a tabular structure distally from the catiieter body into the interior of the 
balloon. Such a housing structure may also be used to help direct exhaust gagea 
proximally out of the balloon without causing excessive cooling at the proximal end of 
the balloon, which exhaust gased might otherwise freeze blood Within the ve*pt| t 
In yet another aspect, the invention also provides a kit for treating 

30 hyperplasia or neoplasia in a body lumen. The kit comprises a catheter having a proximal 
end, a distal end, and balloon near its distal end* Instructions arc included in the kit for 
use of the catheter. These instructions comprise the step of cooling an inner surfree of 
the body l^men with the balloon to a temperature and for a timo sufficient to inhibit 
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doaciibod heroin. 

BRIEF DESCRIPTION OF THE, DRAWINGS 
Fig. I in«tm« * cryosurgical c«h*ar constructed in accords with the 
principles of thepn^cnttavc^on. ^Jth edlrfal endd^lncws.-.^ 

Fig. 1 tei cnw**cctionfll view of (be catheter Ukcn along hno 2-2 to 

pig. 3 Miurtratei tho cxprtrion of a cryogenic fluid within the hrfloon of 

fhe cryosurgical catheter ofFlg. 1. 

Fig. 4 Ic a graph iUustn^nB ttw temperature profile of fho balloon of Figfl. 
1 and 3 while Hqold nitrogen is bdng expanded therein md the balloon i» present in a 
body lumen. 

Fig. 5 niVfitratos the distal end of a cryosurgical catheter constructed m 

accordance with tho principle of the present invention and having a nested containment 

15 ^ladder within a balloon structure. 

Fig/ 6A^fflustrateiisoofthecirthctoofFi& I in treating a target *Ue 

within a patient's vasculature* 

V is ap^al c«wsrBcction of a «yos^ 
head w«b a plurality of radially oriefcted cryogenic fluid porta, in whkfc the dif&serhead 
20 can slide axially within the balloon to provide even cooling of elongate treatm*t aites. 

Fig- 8 la a partial croat-aectional view of a cryosurgical catheter having a 
moveable difTuset bead which can be drawn proximally into a housing within the balloon 
go aa to avoid transient upon initiation of tho cooling fluid flow. 

Fig. 9 schematically illustrate? an alternative fixed porous diffuscr defining 
25 en axial and circumferential array of orifices. 

Fig. 10 illustrate* a cms-section of the catheter of Fig, 9. 
Fig. 1 1 illuc&atea « proximal end of the catheter of Fig* 9. 
Fig- 12 ftluGtt&tcs on alternative fixed diffusa: structure having an array of 
aXially separated cryogenic fluid parts, 
3 0 , F '& 13 is # fractional block diagram illustrating the operation of the 

catheter of Fig- 7, including an optional feedback control loop. 
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Fig. 14 schematically illustrates a kit including a balloon catheter and 
instruction* for its use according to the methods described herein. 

DESCRIPTION OF THE SPECIFIC EMBODIMENTS 
5 An exemplary cryosurgical catheter 10 constructed in accordance with the 

principles of the present invention is illustrated fa Figs. 1 and 2. The catheter 1 0 
comprises a catheter body 12 having a proximal end 14, a distal end 16, end an inflatable 
balloon 18 disposed at tbo distal end. Tho balloon 18 is shown to be en integral extension 
of (be catheter body 12, but such a structnrc is notrcqulicd by the piuwil invention. The 

10 balloon could be formed from fits same orscUfltaent material and, fn Bho latter case, 
attached to tbo distal cod of the catheter body 12 by suitable adhesivca, heat welding, or 
the like* The catheter body may be formed from convtartJonal material^ each as 
polyethylene*, polyimldes, and copolymers and derivatives thereof Th* balloon m&y 
also be farmed from conventional matcrinla nsed Ibr angioplasty balloons; typically being 

15 non-distensible, such as polyethylene tciephthalatc (PET), 

* Catheter 1 0 comprises a central ahfift 20 which may be formed from 
polymeric material, such as polyethylene, polytetrafluoroethyleiie, polyimida, or ftom a 
metal! such as from hypotubo. In the embodiments catheter 10 ¥ the coaxial ribaft 20 is 
tubular and provides a guidewire lumen for positioning of the cathcta" Over a guidwir© in 

20 a conventional mazmtr. The shaft 20, however, could have a variety oJFothcr 

configurations and purposes. For examples the shaft could be a solid wiic or core end 
fijrtber optionally provide a guidewiro dp at its distal end. The shaft could also provide a 
lumen for delivering cryogenic fluid to the balloon 18. In the illustrated embodiment of 
Fig. 10, however, the cryogenic fluid is provided by a separate cryogenic fluid delivery 

25 tube 22 which is disposed is paratlel to the cosxUl shaft 20. 

The catheter 10 will usually further comprise a thermocouple 24 which is 
optimally located near the center of balloon 1 8. At this location* tt can measure the 
temperature of the Myogenic fluid after expansion from the proximal end of the cryogenic 
delivery tUbC 22, The cryogenic delivery lube 22 will define Ml expansion orifice at it* 

30 distal end 23. Thus, the cryogenic fluid will flow through the tube 22 as a liquid at an 

elevated pressure and (thus inhibiting flow restrictive film boiling) will expand across die 
orifice 23 to a gaseous 61 ate at * lower pressure within the balloon. For liquid nitrogen, 
the pressure within the tube 22 will typically bo in the range from 50 psi to 500 psi at a 
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^pcrolurc below the boiun 5 point Aft* expansion, the nitrogen gaswitlun 

tne balloonnear to center ((he lotion of u^e*oup!e 24) foopreasurc w* typically bo 
in the range fiom 30 pai to lOOpsl and the tMPperata* m uierango from -40»C to - 
100-C. The temperature may decrease in both the radially <nmvard direction and in both 
axial directions from fie center of the balloon. This feature of the prcee* invention » 
better described in connection with Fig*- 3 and 4 botow. 

Ahub28U«cnredtothepxTOdmri^ ^ 
hub provides for ft port 30 for connecting n ttyogenio fluid «nncc to the cryogenic 
delivery tube 22. Tb* hub further provide* a port 32 for exhausting the gawous cryogenic 
fluid which travels from balloon t B in a proximal ****** ""^ ^ A 

third port 34 is provided for thezmoconplo wires 26. A fourth port 36 at the prwamtd end 
of mo hub Us provided for a gddewire. 

Referring now to Figs. 3 end 4, liquid nitrogen (LN2) i» delivered to 
balloon 18 through the cryogenio delivery tube 22. The liquid nitrogen is delivered at a 
15 ternperature and pressure within in the ranges act fbrth above end. expands to gweou* 
nitoireaCGrTOacrorttoea Inthoringle- 
bftlloon embodltnentcafJjctcr lb. the piscow nitrogen win serve bothta inflate the 
butt** l B and to cool the exterior aurface of the balloon in a desired tcniporaturo profile. 
In particular, the balloon dimensions nod operating <*nditJon« to V™ 1 *** 

20 B partfenlarbaUoontempcTaW ^ 
expanding the liquid nitrogen to its gaseous Mate near the oenicr of the balloon, the 
balloon tcnrperatiirc will be lowest near the center and will decrease in both axial 
directions away from the center, as shown In the temperature profile of Fig. 4. 

For treating arterial hyperplasia, a balloon temperature in the range finrn - 
25 20»C to -BO°C, eg., at about for a time period in the range from 1 S&cond to 10 
seconds, may be effective. »y delivering the liquid nitrogen at ft prewure in the range 
from 50 psi to 5D0 psi and 6t a temperature below the boiling point, and expanding the 
liquid nitrogen to a gas at a pressure In the range from 30 pai to 100 pal, a temperature in 
foe above range at the middle Of the balloon will be achieved. Moreover, by extending 
30 thebBUc^nbydi^e«ofBtleast0.5<^pmfeTia.Tyofatleast I cm. in each direction 
fiom the center of the balloon, the temperature* at the ends of the balloons will generally 
no lower than 0'C. In this way, a desired low temperature can be maintained at foe outer 
surface of foe balloon in a treatment region near the center of tbe balloon, while the distal 
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rod proximal onto of tfm balloon act to insulate the colder portions from lUfflMfit 
regions within flic ertcty or other body lumen. It win be appreciated that the axial length 
Ofthe treatment region of the baUooq can he varied considerably by vaiylng the length of 
fho balloon and controlling the volume of liquid nitrogen delivered to the balloon. 
Exemplary balloons will have a length In the range from 3 cm to S tan, a diameter in the 
xango fiom 1 .5 mm to 4 mm, and will typically receive from 0.08 irt Vseo to 1 J rtl/eee of 
liquid niticgcn in tho temperature and pressure ranges set forth above. 

Refcwing now to Fig. S. an alternative balloon assembly 50 will bo 
described. The balloon assembly 50 disposed at th= distal end of a catheter body $Z 
«anjri«n&aBhaftS4iinda^ Aballoon58i«*«airodto 
the distal end ofthe catheter body 52, generally as described above with respect to 
catheter io. In contrast to catheter 10, however, balloon assembly 50 comprise* a 
containment bladder 60 nested withm the balloon 58. The containment bladder SO may 
be a accond balloon formed in * manner aimilar to balloon 58, except that it will be 
shorter and will have prtudmij and distal endajpaced axially inwardly from the proximal 
and distal ends of balloon 58r. 4 Ite bladder 60, however, may be dif^poscd of different 
materialman* have different properties. Generally, the containment bladder is intended to 
xeoeivs and contain the gaseous nitrogen after it is expanded across expansion orifice 62 
into the interior thereof- By containing the expanded (cold) gaseous nitrogen within 
bladder 60, a more distinct temperature transition may bo effected between fi» cold 
middle region of balloon 58 and the less cold distal and proximal region* thereof. 

Optionally, the balloon 58 may be separately expanded with an uisnUnng 
fluid to further sharpen tha tcmpertrare transition between tho containment bladder 60 
and tho remainder of balloon 58. Alternatively, ma containment bladder 60 may include 
ports or porous regions which permit the gaseons nitrogen to pass from the interior ofthe 
bladder 60 Into the interior of balloon 58 in a controlled manner to maintain the desired 

temperature transition. 

Referring now to Figs. 6A-6C, use of catheter 10 for treating a target 
region TR within a blood vessel BV will be described. The target region will usually 
have been previously mated by balloon angioplasty or other primary conventional 
protocol for treating atherosclerotic disease. Such primary treatment will typically utilize 
an intnivjwcut*r catheter, which catheter wiU have been removed leaving a guldewiro GW 
in place, as illustrated in Fig. 6A. A catheter 10 is then introduced over the guidewhe. «* 
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.. •.. introduced lo too Mth«« '° fton"""'"* 1 ' 

occur as a result of anoh Injury. , . 

A catheter 80 h.vinsa movcablcport W or dltfuscr 82 U illutfrafcd * 

oL^-nd^oriexdedr^ 

20 To enhance an tacM togthof a *ubstotttfcUy evenly cooled central region 

diffiacr h«d 82 and fe alldably disposed within ^b^,tt Ap«^I«-l« 
at proximal end i 4 of cafe** BO oontahw a rack flnd pinion rapchaniani 88 which 
ctmtiollabbrniov^lbcdtubeM. By rotating control knob 90 (or automatically driving 
25 rack and pinion mechanism 8 8 with drivo sy*cm 92). feed tube 72 and difW 82 can 
move from a fiat paridan 95 to a »eo*d position 96 without moviivg or defl»tto E balloon 
18 This allows a relatively ^ fluid flow to cool an along** central region CR. 

Inhibition of cell proliferation along elongate acgrnenu of va^afarrc, 
fiUCh as in the lilac or superior femoral artcrie. Ml benefit torn cryoaurgical tn*tn«n< 
30 at raeatab!' tempen*ur« and for reputable time*. To help prevent gap. between 

treats region, and/or repeating treatment,, ^IntonUonaily. it wouWo. advance-* 
to allow treamienu of these elongate .umeual wall, without moving or repoaUumlflg of 
the cryosurgical catheter. Hence, ft Is generally desirable to provide atructurcs and 
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methods wmehcsnnnifonm^^^ 

PUrfi,C ^ Safety of endoluminal cryowirgioal techniques is generally enhanced by 
minimizing the flow of the cooling fluid, flow rare* will geoemlly reduce the release 
5 of gB5 into the body lumen in the unlikely event of a balloon rupture. K«»wn balloon 
^cturc can withstand pressure* of up to about 100 psl or more. Nonethel**. ^ty 
cm bo enhanced by Ming maximum balloon pressures to 100 psi ot less, and 
preferably to J^s than 100. Lower balloon pressures not only reduce To* amount of g** 
reload In Ok. event of a rupture, they also help decrease the possibility of «eoh » balloon 
10 ^,^0000^ Grvenacon^^ 

within balloon 18 will also produce a low balloon w«n temperature. In other words, 
cryogenic cooling is generally enhanced by.mnixxnziDg the pressure witinn the balloon. 

AstheroiflftJhnitediapss-seco^ 
expelled gases, pressure within the belleon is.mpst easily rrm&nfcedby decreasing the 
15 speed (end pressure head loss) of exhaust gases flowing prwrfmafly thrush catheter body 
12 to exhaust port 32, Drawing t vacuum at exhaust port 32 tan encourage the flow of 
gasesproximftlly and reduce balloon pieBSttro to some extent, but this will provide limited 
benefits when gas velocity and prcamro drops axe high within the catheter body. Hence, 
itis beneacial to make efficient use of ■ relatively small cryogenic fluid flow. By 
20 moving diffuse* 82 acidly within balloon 18, an elongaw region of movesscl Wall canbe 
treated BequenUally with » modest cryogenic fluid supply and a low balloon prcaaure. As 
the amount of time the tissues arc to be cooled is quite short, the total procedure time 

remains very reas on a b le. 

The nae of moveable difiuser head 82 also allows the iurgeon to 
25 selectively treat tissues in a highly controlled manner. For example, when balloon 18 
extends across a branch artery, the surgeon ban the option of treating the v«*el 
proxlmally and distally of the breach and: shutting offthe gas flow when the diffuser is 
aligned with the branch to as to avoid freezing blood within the branch opening. 
Additionally, by coupling automated drive system 92 to the actuation mcchwiiam, a wide 
30 variety of treatment cycles and times may be eomrollably and rcpcatably effected. 

Balloon 1 8 of moveable difiuser catheter SO may be quite elongate, the 
batfoon typically having n length in a range torn about 1 to about 10 cm. In the 
exemplary embodiment, the balloon has a length of about 10 cm so that proximal housing 
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86 and/or actuation mechanism 88 has ■ ttxxdce length of about S cm. To enhance heat 
flow through balloon 18, a heat transfer enhancing malarial may ba included In the 
polymer of the balloon wall For example, the addition orbetwecU about 1 and 1 0% 
boron nitride in a polyethylene or other balloon polymer can significantly improve heat 
5 transfer of the entire system. Surprioin^y, a significant temperature differential may be 
found between an inner and outer surface of the balloon during cooling. Hence, 
improving the thermal conductivity of the balloon material may provide significant 
benefit*. 

In the embodiment ofFig, 7. a fixed guidewire 94 extend* dually from 

10 the balloon to help when advancing catheter 80 within the vasculature. Fixed guldewlre 
94 and the distal end of balloon 1 6 are afibced to an axial support or rail B4 which 
structurally support? the distal end of the catheter when the balloon is not inflated. Rail 
64 herb comprises a stainless steel wire wife a diameter of ,008 inches, but may 
alternatively comprise a wide variety of sliaft structures, optionally including one or more 

IS lumens fbr a moveable guidewire or (he like, 

Diffiiser 82 includes four radially oriented ports, each having a diameter of 
abort .0025 inches. These openings are in fluid communication with a/central passage, , 
which in torn is aupplied by feed tnto 22. Ulfroser head 83 may have an outer diamclcr 
of about .032 inches, and nriay comprise wry of a variety of nltemntivc polymers or 

20 metals. Dlffiiscr 82 is affixed to feed ribe 22 by adieaiari boodlng,heat welding. 

fasteners, or the like. In the exemplary embodiment, OifiUacx 82 cotnpriaes polyimidc. 
Feed tube 22 may also be formed from a poryimidc tube, and will preferably be coated 
with ft FTFB such as Teflon™ to avoid friction when the feed tube reciprocates within the 
catheter body. Dlffiiser head 82 la shown affixed to rail 84 using bands which encircle 

25 the diflhscr and define a channel through which rail 84 passes. Clearly, a wide variety of 
alternative support arrangements are possible, including a concentric support shaft or 
tube, a cantilevered feed tube, or The like, As described above; thermocouple 24 or some 
alternative temperature sensor sends a signal proximally via wire 26 to indicate the 
temperature within the balloon. 

30 In use, moveable difftiser balloon catheter 80 will bo introduced into a 

blood vessel while balloon J 8 Is Inanunlnflntcd, small profile configuration. Balloon 18 
will be maneuvered to the treatment site using fixed guldewlre 94. Feed tube 22 will be 
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portioned » tbat dUBwr B2 is looted at tot position 95, and eryogenfc « «™ be 
advanced though feed tube 22 to the differ. Hub &* will Inflate balloon 1 ft. and will 
mio Qooi tucintaior .urfacc of the balloon and blood Y«wl a* described above. Control 
knob 90 wilt be rotated so that diffuse? 82 moves; axially toward petition 96. A* the 
cooling fluid exits the difibser, the endothelial ti$*u* eogagmg central region CR is 
cjypgenically cooled. 

Oyogenic cooling fluid may optionally pass through a Joule-Thoropooa 
orifice adjacent port 83 to effect cooling. In other embodiments, at least a portion of the 
cryogenic cooling fluid may exit port 83 into the balloon a? a Kguid. The liquid will 
vaparizo within the balloon, and the enthalpy of vaporization can help cool the 
surrounding vessel waD. The liquid may coat at least a portion of the balloon wall po aft 
to enhance even cooling over atlewt a portion of the vessel wall* Hence, port* 83 may 
have a total cross section which is smaller thm a crops section of the fluid supply lumen, 
or which is at least as large as the cross section of the fluid rappjy lumen. 

By controlling the rate of movement of difBxsor 82 via control knob 90, the 
amount of cooling fluid injected via feed tube 22, and the pressure at exhaust port 32, Che 
surgeon can control (he cooling rata of tho tissue fho temperature of the tissue, and 
optionally* the number of cooling cycles the tissue is subjected to while the rntlhrtrr is in 
a tingle location. As described above, the ends of the diffiiser stroke flirt and second 
positions 95» 96 taay be Sjparatod from the axial ends ofbalioon 18 so as to limit any 
cooling of fluids within the vessel. 

As can be understood wifh ie&r(^ to Fi& 8, U wiU b« desii^le to 
control the initial rate of coating When Cryogenic fluid first starts to exit diffiiser 82. As 
the balloon inflates and the difft&cr Structure cools, significant thermal transients will 
occur before the desired steady state cryogenic cooling beging. To avoid unpredictable or 
excessively slow cooling rates, diffiiSC* 82 may initially be parked within a housing 98 
inside balloon 1 8, Housing 98 may be formed by extending a tube from catheter body 1 2 
into balloon 1 8, the housing optionally comprising at) extension of tho Catheter body 
material. 

An additional benefit of housing 9S may be understood with reference to 
Figs. 7, 8, and 4. A& cooling &a flows from diffuser 82 into balloon 18, the expelled 
gases are exhausted proximally from tho balloon into oqthctcr body 12. Although the 
gases will warm as they travel proximally, the gas flow will be accelerating from their 
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rctetivoly large cmw-^ionV diameter of the balkx™ into £b» oathetsr body. This may 
actually enhance cooling adjacent the proximal sad oftho balloon, md could freesc blood 
proximaiiy of tho balloon. 

To avoid (his enhanced proximal cooling, housing 98 Admit* gases from a 
central location along central region CR, Toe gases surrounding housing 98 within 
balloon 1 8 are allowed to stagnate neat the proximal end of tho balloon, thereby limiting 
RXlol tooling at that location. 

Am described above; flicre may bo a signiiicanl tanpcratimcOffefentia] 
between the inner surface and tho outer surface of the bauoon wall. To more accurately 
and repeataMy monitor cryosurgical therapy, a tempcratotc sensor 24 is mounted on the 
outer surface of the balloon to measure the temperature 0 f the tissue « tho target site, the 
tissue balloon interface, and/or the balloon outer surface temperature. 

Referring now Co Fig. p, a fixed diffuser 100 fnoludes an any of ports 83 
whifch arc distributed both axially and cWafcrcntially around the tiffitttr. As ports 83 
to radially oriented, differ 100 will achieve the desired cooling of Aesutroimding 
tissue with relatively law balloon presentee and low cooling fluid flow rates. As the 
cryogenic liquid or gas-liquid combination Is directed perpendicularly against to© wan of 
balloon 18, the heat transfer coefficient between tho gas and the balloon won is quite 
Ugh. This helps torcoucetrnnperaujre of the balloon and provides greater heat extraction 
fcra D ^ «te °f coolant intothebmioon. AddMonally. sports 83 iu« distributed 
both drcumferaitialh/ and axially along the balloon. dlfluser 100 win distribute tho 
cooling more udformry over the suriaco of (he balloon so as to produce a Uniform 
antiproliferative response. 

Diffiisor 100 will geuerally comprise a tubular structure with radially 
oriented openings. An exemplary tubular structure may <sompri B e a poryimJde tube 
having an inner diameter of about .032 inch*, and a wall thickness of .001 Inch. Each 
pott will again define a diameter of about 0.0025 inches. There will typically be between 
about 6 and 600 orifices in diffuser 1 00, In (he exemplary embodiment, four axial rows 
of orifices are separated by about 9<T from each other. Tho rows are axially staggered eo 
that tho orifice in a single row have ocnteiiine separations of about 4 mm, while the 
orifices of adjacent rows are separated by about 2 mm. The overall length of the porous 
diffiuezr tubt is about 2 cm. 
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A central abaft 1 04 having a guidewiro lumen 106 is bonded concentrically 
to diffuse* 1 00 using adhedve or tho like at the distal end of the diffbacr, and optionally 
also at the proximal end of-the dHfiiaer. High contrast muriccrs 102 may be provided to 
enhance an imago ofthe catheter so as to facilitate positioning of balloon 1 8 
5 fluropcopioally, aonoerapbically, or under any other alternative imago modality (with 
appropriate contrast structures). Tbn distal marker may optionally bo formed by winding 
& gold ox platinum wire around tho central shaft sad bonding the gold wire to the distal 
cad 0 f the diffiiBCJ tube, The proximal marker may similarly bo formed by winding and 
bonding a gold or platuntm wtna, the proximal marker optionally being djaposed over tho 

10 diffiiSCT tube that the cryo^^ annular 
space, between the difniEcr tube and tho central shaft proximally of (he balloon. Contra! 
abaft 104 will typically comprise a polyimUie tubes bv l ™*Y alternatively comprise any of 
a wide variety of materials. 

"The coaxial arrangement between diffiiacr 100 and central shaft 

15 an macular cooling fluid flow path between the tube of tho dlfroser and the central shaft) 
promotes. wrcmnfcrtatJally symmetric distribution ofthe cryogenic cooling fluid against 
the balloon wall, which in tun) provides a more eircumfbrentiaJly even temperature 
distribution. As generally described above, uniform temperature distributions, both 
axially and tircumfferentJally, within cent&l region CR (seo Fig. 4) help ensure that the 

20 benefirial inhibition of cell proliferation is provided throughout a significant portion of 
the tissue engaged by balloon 1 8. To limit cooling of tissues or fluids disposed axially of 
the balloon, distal and proximal stagnant regions within tho balloon flow profile are 
created by the shape and configuration of difjuser 100, balloon 1 8, and by the presence of 
housing 98 within the proximal end of the balloon* as described above, Even though no 

25 moveable dtffcser will be drawn into housing 98, this structure still helps to avoid the 
accelerating flow of gases along the proximally tapering balloon wait 

To accurately control tbe cooling process, it ts beneficial to monitor 
pressure within the balloon. Toward that aid, a balloon pressure port 108 transmits 
pressure proximally via a pressure monitoring hxracn 1 10, as can be understood with 

3 0 reference to Figs. 9 and 1 0, Accuracy of such pressure monitoring can be enhanced by 
minimizing the flow of fluid proximally Within the pressure monitoring lumen. 
Alternatively, a pressure transducer may be mounted within the balloon with wires 
sanding a pressure signal proximally. Within tho elongato catheter body 12, lumens fbr 
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the cryogenic feed tube 22, pressure monitoring port 108. guidcwlrc and fixe like may bo 
contained within an insulated jacket 112. As balloon 1$ m*y elongate when inflated, and 
as the distal end of difitoer is affixed to the dfetal tod of the balloon by core shaft 1 04, it 
tnay be beneficial to allow jacket 112 to slide axJaUy within catheter body 12 to avoid 
5 axial bending of the balloon and the resulting radially uneven cooling. In alternative 
embodiments, a ciyogerrio food tube may simply extend distally into an annular space 
between * central abaft and a jacket formed as a ecrutooenw proximo) extension of the 
diffixser tube, with any proximal leakage of the cooUag Arid within the jacket optionally 
being exfamsted into the catheter body and removed via die exhaust lumen. 
10 Referring now to Fig. Ill aprcorimalcBdof theflzerid^^ 

illustrated in Fig?. 9 and 10 include many of the coupling structures described above 
regarding Fig*. 1 and 7. Giddewixe port 114 provides proximal access to guidewire . 
lumen 10$, While a pressure monitoring connector 1 16 la in fluid communication with the 
interior of balloon 1 8 via monitoring lumen 1 10, Where balloon pressures axe acceptable, 
15 cryogenic cooling may optionally be controlled using an oxi^ce disposed at exhaust port 
32. This proxlmat structure can be assembled fipm commercial available components 
totog potfing Bdheaive U8in a generally conventional 

' ' ' Reltadng now to Fig. 12; ctffl further alternative multiple orifice diflfoser 
sinicturea are possible: In this embodiment (Illustrated here.without balloon IS) a series 
20 of ports S3 are distributed axlelly so as to distributed fie cooling ax!aHy within an 
elongate target region, as generally described ebova In this ^bodiment, a series of 
individual gas feed cubes 120 supply the cryogenic coolieg fluid to the ports, with each 
port optionally having an opening which has flie same area as the lumen of the associated 
gas feed tube. Such individual feed tubes may comprise polylmidc tubes having an Inner 
25 diameter of about .005 inches. In some embodiments, axial distribution ofcooling may 
be controlled by varying the amount of fluid expelled from each port, by varying the 
interoriflce spacing (axlally and/or circumferential^), by locally varying the hear xttmsfct 
coefficient or cooling fluid pattern, or the like. 

It will generally be beneficial to make use of catheter 80 as one component 
30 of an integrated cryosurgical cndoluminal therapy system 1 30. * As the actual tissue 

cooling may vary with pressures within the balloon, cooling fluid flow rates, and the like, 
and as these parameter* may vary wfcen catheter body 1 2 is bent in following the 
vasculature system, the efficacy of the cryosurgical therapy may be enhanced by 
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adjusting the treatment based on measured chitfactcristic, of the cooling P^^, for 
cxampio. buod on iompcf fctwxw measured by one Of more temperature sensor? 24. 

Hence, electrical temperature signal* 132 from temperature acn*ors 24 may bo directed to 
a Controller 134 for use Jti a feedback control system, Inferably, controller 134 
5 processes the temperature signals to generalo cooling fluid feed signals 1 36 indicating the 
pressure or volume of Myogenic fluid to be injected into the catheter. Controller J 34 will 
preferably also provide electrical signal* which direct dlffbscr drive 92 to mechanically 
reposition difluser 82, and will often provide signals varying the prcssuro (or vacuum) at 
exhaust port 32. These signals may be used not only to vary the cooling cycle, but Can 
1 0 also be used to control the inflation and/or deflation of the balloon, preferably baaed at 
least in part on a pressure monitored from within the balloon. 

To inhibit cell proliferation and/or remodeling, controller 134 wiJJ 
generally initiate, monitor, and control cooling of the tissue. Cryogenic system 130 will 
often be used to effect a cooling rate of the tissue in a range from about 2 to about 30* C 
per second In an exemplary cell proliferation inhibition therapy, the system will 
maintain the tissue at a temperature in a. range from about 0 to about -80" G preferably at 
a temperature in a range from about -10 to about -40- C, for a time between about 1 and 
about 60 seconds, The efficacy of the therapy may be enhanced by repeatedly cooling the 
tissue to these temperatures for between 1 and 5 cooling cycles, typically repealing the 
cooling cycles at the rate of 1 every 60 seconds. To provide this cooling, cryogenic 
liquids or liquid/gas mixtures comprising carbon dioxide, nitrous oxide, or the like may 
flow through the balloon at a rate to a range from about 1 00 to about 800 mg/seo. Such 
cooling may inhibit cell proliferation via processes which are sometimes referred to es 
opoptosis and/or programmed cell growth. 

A kit 140 Including balloon catheter 10 and instructions for its use 142 is 
illustrated in Pig. U, Catheter 10 may be replaced by any of the balloon catheter 
structures described above, while instructions for use 1 42 may describe any of the 
associated method steps set forth above for inhibition of cell proliferation. Instructions 
for use 142 will often be printed, optionally appearing at least in part on a sterile package 
144 for balloon catheter 10. In alternative embodiments, instructions for use 142 may 
comprise a machine readable code, digital or analog data graphically illustrating or 
demonstrating the use of balloon catheter 10 to inhibit hyperplasia, or the like Still 
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father alternative* are possible, Including printing oftho instructions fofw?^ 
pnefaiging I4fi of Jut 140. find the like, 

While the above la a complete description of the preferred cxxibodiniAnls of 
the invention, various alternatives, modifications, and equivalents may bo wed. For 
example, one or more radial oridces might move both cxrtmmfbrcntiftlly and axially 
within the balloon, optionally ricmg a helical path, to provide cylindrioally even cooling 
Therefore, the above description should not bo taken as limiting the soopo oftho 
invention which is defined by the appended claims* 
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j 1. A cryosurgical catheter compriidng; 

2 a catheter body having a proximo <aad, a distal end, and a primary lumen 

3 therethrough, said lumen having a Joule-Thomson orifice rtwr its distal end; and 

4 a balloon disposed at the distal end of the catheter body over the Joulo- 
$ Thomson orifice* 

1 2. A cryosurgical catheter as in claim 1, wherein tho balloon baa a 

2 length of at least 1 cm and tho orifice is portioned at least 0.5 cm from each end* 

1 3, A cryosurgical catheter as in claim 1. further comprising a 

2 containment bladder nested inside the balloon, wherein the containment bladder is 

3 dfepoeed over the orifice and each end ofthe containment bladder i* spaced axlally 

4 inwardly from the respective end of tho balloon by at least 0«25 cm. 

1 4. A cryosurgical catheter aa in claim 3. forthcr cotfipti$b*R ft ballooA 

2 inflation lumen in the catheter body, wherein the balloon receives an inflation medium 

3 from the inflation lumen and the containment bladder receives an expanded gas from tho 

4 primary lumen. 

1 5. A cryosurgical catheter as in claim 1. wherein the primary hrmcn f& 

2 insulated. 

1 6* A cryosurgical catheter as In claim 5, wherein the insulation 

2 comprises a coaxial slccvo. 

1 7. A method for treating hyperplasia or neoplasia in a body lumen, 

2 fiaid method comprising: 

3 cooling an inner surface of the body lumen to a temperature and for a time 

4 sufficient to inhibit subsequent cell growth. 

1 8. A method a£ in claim 7, wherein the body lumen is an artery 

2 subject to hyperplasia resulting from treatment of a stenosis. 
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1 9. A method aa in claim B f wherein the treatment compri*od balloon 

2 angioplasty. 

1 10. A method as in claim $, wherein the cooling step is performed 

2 within one hour following treatment of tfao stenosis. 

1 II* A method aa in claim 7, wherein the Cooling Step comprises 

2 lowering the temperature of the htmmal wrfhec to trom.0"C to *80°C for a lime period in 

3 the range from 1 second to tO seconds, 

1 12. A method aa in claim 7, wherein the cooling ptep comprises; 

2 imrodaclng a catheter Into the body lumen; 

3 positioning ft balloon on the catheter proximate a target site oa the inner. 

4 surihee; 

5 expanding a gas within the balloon to cryogenicaify cool the target cits, 

1 . 13* A method as m cbim 12, wherein the expanding step comprises 

2 flowing liquid nitrogen to a Jonle-Thonwon orifice positioned within the balloon bo that 

3 the nitrogen expands across the orifice. 

1 14, A method as in claim 13, wherein the pressure within the balloon is 

2 maintained at from 30 psi to 100 psi end the temperature near the orifice i5 in the range 

3 fiom »40*C to -1 00°C, 

1 15. A method as in claim 14, wherein the tOTJpcTflTure at each end Of 

2 the balloon is above 0*C. 

1 16. A method as fa claim 12. wherein the balloon has a length of at 

2 least 1 cm and the orifice is positioned at least 0.5 crn from each end. 

1 1 7. A method as in claim 12, wherein the balloon dimensions and the 

2 gas expansion conditions are selected to produce a temperature profile over the length of 

3 the balloon with a temperature between the ends below 0°C and temperatures at each end 

4 above 0*C. 
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IB. A method as in claim 7. wherein the cooling step comprises: 
introducing a catheter body into *o body lumen; 

balloon on Ow catheter proximal* « target rite on the inner 



3 positioning a 

4 surface: 

5 vaporizing a liquid within ihe balloon to cryogemeally cool the target site. 

! 19. A method as in clirim 12, further comprising measuring a 

2 temperature of the target site with a thermocouple mounted outside tbebaJloon and 

3 controlling the gas expansion based on the measured temperature. 

1 20. A cryosurgical system comprising: 

2 a flexible catheter body hevjng a proximal end, a distal end. and a gas 

3 exhaust lumen defining an axis therebetween; 

4 an intravascular balloon disposed near the distal end of the catheter body 

5 in fluid communication with the exhaust lumen, the balloon expandable to radially 

6 engage a surrounding vessel wall; 

7 a cryogenic tooling fluid supply; and 

g at least one port disposed within the balloon and in fluid communication 

9 with the cooling fluid supply. 
10 

j 21. The cryosurgical system of claim 20, wherein the eryogenie 

2 cooltng fluid supply comprises a flexible cooling fluid supply tube having a primary 

J lumen, the flexible tube being disposed within the exhaust lumen of the catheter body. 

1 22. The cryosurgical system of claim 21 , wherein the at least one port 

2 comprise? at least one Joule-Thompson orifice. 

! 23. The cryosurgical system of claim 21 , wherein the at lease one port 

2 roltases cryogenic cooling fluid from the cooling fluid supply into die balloon at least in 

3 part as a liquid so that enthalpy of vaporization of the liquid cools the balloon wall. 
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1 24. Tbo cryosurgical system of oWm 23, wherein gas from the 

2 vaporization of Iho cooling fluid inflates the balloon to a pressure below a maximum &&fa 

3 balloon pressure, the exhaust lumen transmitting the gas from tho blood vessel. 

1 25. Iliecryosurgicd catheter fbruso 

2 wall, the cryosurgical catheter comprising: 

3 a flexible catheter body having a proximal end, * distal end, and a gas 

4 exhaust lumen defining on axis therebetween; 

5 a balloon disposed at tho distal end of the catheter body in fluid 

6 communication with the exhaust himen, the balloon having a balloon wall with proximal 

7 and distal ends and a radially oriented region extending therebetween, the wall being 
S radially expandable to engage the surrounding vessel wall; 

9 a cryogenic cooling fluid supply; and 

1 0 at least One cooling fluid distribution port in communication with the fluid 

1 1 supply and disposed within the balloon to cool tho region of the expanded balloon wall, 

1 2fi. The cryosurgical oathefiet of claim 25, whetfeta the at least one 

2 cooling distribution port is positioned wWtfn the balloon so as to cool the region of the 

3 expanded balloon wall to a lower temperature than the distal end of the balloon wall. 

1 27* The cryosurgical catheter of claim 25, Wherein the region of the 

2 balloon wall defines an elongate cylinder separating the proximal and distal ends, and 

3 wherein the ochautt gas lumen extends distally of the proximal end of the balloon wall so 

4 as to inhibit cooling of the proximal end of tho balloon wall such that the proximal end of 

5 the balloon wall remains at a higher temperature than the region of the balloon wall. 

1 28. A cryosurgical catheter for use In a blood vessel having a vessel 

2 wall* the cryosurgical catheter comprising: 

3 a flexible catheter body having a proximal end, a distal end* and a lumen 

4 defining an axis therebetween; 

5 a balloon disposed at the distal end of the catheter body in fluid 

6 communication with the lumen, the balloon having a balloon wall that expands radially to 

7 engage the surrounding vessel wall; 

v 
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8 a plurality of cooling fluid distribution ports in communication with a 

9 cooling fluid supply, the fluid ports distributed within the balloon so a* to evenly cool a 
10 portico of the vessel wall. 

1 29. The cryosurgical catheter of olairo 28» wherein the ports arc 

2 separated circiimfcrentially within the balloon. 

1 * 30. The cryosurgical catheter of claim 29, wherein Iho ports are 

% radially oriented. 

1 31. The cryosurgical catheter of claim 30, wherein the ports are 

2 mounted on a diffixser head at a distal end of ft cooling fluid supply tube, and wherein the 

3 diffuser head moves axial ty within the balloon between a first position and a second 

4 position when the fluid supply tube moves axialiy within the catheter body. 

1 32. The cryosurgical catheter of claim 3 1, wherein the diffitser head is 

2 disposed within a housing when the orifice head is in the Gift position, and wherein ihe 

3 ports arc clear of the housing when the orifice head is disposed in the second position. 

1 33. Use cryosurgical catheter of claim 32, wherein the diffaser head 

2 has an axtal channel* and further compriainj; a rapport slidably disposed within the 

3 channel of the diCBJser head* the axial support extending from a proximal end of the 

4 balloon to a distal end of the balloon. 

1 34. The cryosurgical catheter of claim 28, wherein die ports are 

2 distributed axialiy within the balloon. 

1 35, The cryosurgical catheter of claim 34, wherein the ports are 

2 defined by a porous tubular Structure disposed within the balloon, the ports being 

3 distributed axialiy and circurnfercntially over the porou* tubular structure, 

1 36. A cryosurgical catheter for use in a blood vessel having a vwwl 

2 wall, the cryosurgical catheter comprising: 

3 a flexible catheter body having a proximal end, a distal end, and a lumen 

4 defining an axis therebetween; 
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5 an Hxielly elongate balloon disposed at the distal «id of the carter body 

6 in fluid coamiuniw«on vrt* the lumen, the balloon having a balloon wall that can expand 

7 radially to engage the surrounding vessel wall; 

8 a diffuse* head having at least one port ia fluid comrarmication with a 

9 cooling fluid supply, the diffliscr head movable axidly within the balloon botwwrt a fixrt 
10 position and a second position, 

! 37. A method for treating a blood vessel having a v wel wall, the 

2 method comprising: 

3 introducing * catheter into the blood vessel; 

4 expanding a balloon of the catheter near a target site to engage the vcteel 

5 walh 

6 expanding fluid at a first location within the balloon; and 

7 expanding fluid at a second location within the balloon to exyogcnically 

8 cool at least a portion of the engaged vessel wall, the second location being separated 

9 from the first location. 

1 38. The method of claim 37, ftahcr comprising moving* dif&scrhead 

2 between the first location and the second location. 

1 39, TfacineCbodQfcIaim38,whtfe^ 

2 and the vessel wall whcn.the orifice head i3 si the first location, wherein fluid expansion 

3 U initiated at the first location, and wherein the moving step moves porta of the dififiiser 

4 headfiom within the housing after a reduction in thermal transients pf <he gas expansion. 

I 40, The method of claim 37, wherein fluid expansion occurs 

1 simultaneously at the first and second locations, the balloon being axially elongate, the 

3 first and second locations being separated axialty* 

1 41. The method of data 37, wherein the fluid expansion occurs 

2 simultaneously ac the first and second locations SO that the fluid flows radially toward the 

3 vessel Wall* the first and second locations being separated eircumfcrentiaily. 
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1 42. The method of claim 37, wheniin the fust and second expansion 

2 stop* comprise vaporization of at least a portion of the fluid from a liquid to a gns so that 

3 tbc enthalpy of vaporisation cools the at least a portion of the engaged vessel wall. 

1 43. The method of claim 37, wherein (ho On* and second expansion 

2 steps are effected by passing the fluid through al least one Joulc-Thomp&on orifice. 

1 44. A kit for treating hyperplasia or neoplasia in 4 body lumen, fh* kit 

2 comprising: 

3 a c&lheter having a proximal eod> * distaj end, and balloon near its distal 

4 end; and 

5 instructions for use of the catheter* said Instructions comprising the step of 

6 cooling an inner surface of the body haaen with the balloon to « te mp erat ure and for » 

7 time sufficient to inhibit subsequent cell growth. 
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